The uterine cervix is a hormone-dependent organ that expresses both estrogen and progesterone receptors (ERs and PRs, respectively) in the epithelium and stroma.[@bib1]--[@bib3] Large-scale epidemiologic studies have suggested that long-term exposure to endogenous and exogenous sex hormones, such as full-term pregnancies or oral contraceptives use, is an independent risk factor for cervical cancer and human papillomavirus (HPV) infection.[@bib4],[@bib5]

Estrogen receptors are highly expressed in the endocervical mucosa irrespective of the phases of menstrual cycle and are moderately expressed by the basal and parabasal cells of the squamous epithelium in the exocervix, mainly during the proliferative phase of the menstrual cycle.[@bib6] Estrogen receptors are also expressed by metaplastic cells at the squamous-columnar junction.[@bib1] The expression pattern of PRs in the cervix is similar to that of ERs because it depends on the transactivation of estradiol-bound ER on the gene promoter. The only difference between PR and ER expression is that PRs are expressed by parabasal cells at the luteal phase, whereas ERs are not expressed during this phase.[@bib2] The expression of both ERs and PRs is down**-**regulated in cervical intraepithelial neoplasia and progressively decreases as lesion severity increases. Moreover, these receptors have been rarely detected in invasive squamous cell carcinoma[@bib1],[@bib3] and are less expressed in adenocarcinoma.[@bib7],[@bib8]

Estrogen receptors are of 2 isoforms, namely, ERα and ERβ, with each being encoded by a different gene. Both ERα and ERβ form homodimers or heterodimers for interacting with estradiol and performing multiple functions.[@bib9] Estrogen receptor α is the most studied ER and is routinely examined in patients with breast and endometrial cancer. Progesterone receptors are also of 2 isoforms, namely, PR isoform B (PRB) and PR isoform A (PRA), which are encoded by a single gene and differ with respect to the presence and absence of an additional 5, exon, respectively. Although sharing many structural domains, the 2 isoforms are in fact 2 functionally distinct transcription factors, mediating their own response genes and physiological effects.[@bib10] Many studies and routine clinical examinations have detected both PRA and PRB in tissue by using nonspecific antibodies (Table S1, <http://links.lww.com/IGC/A486>).

Researchers have become increasingly aware of the crosstalk between cancer cells and neoplastic stromal cells.[@bib11] Tumor cells crosstalk with stroma cells to develop alterations in their shape and promote their attachment to other cells and extracellular matrix for invasion and metastasis.[@bib12]--[@bib14] However, ER and PR expression status in tumor stromal cells during cervical cancer development is unknown. Previous studies have focused on the expression of PRs, especially on the expression of PRA (Table S2, <http://links.lww.com/IGC/A487>). Most importantly, all of the studies have focused on the expression of these receptors in neoplastic epithelium (Table S2).[@bib7],[@bib8],[@bib15]--[@bib19] However, the expression of these receptors in tumor stromal cells has been rarely reported. The only study to examine ER and PR expressions in cervical cancer stroma reported frequent expression of ERα and PRA in stromal cells but not in carcinoma; however, in this study, no prognosis analysis correlated to ERα and PRA was reported.[@bib3]

Recent transgenic studies on the HPV E6/E7 transformation of the mouse uterine cervix have reported that estradiol and ERα are required throughout the course of the carcinogenesis of the cervical epithelium, from the early formation of an atypical metaplastic lesion to the formation of low- and high-grade dysplasias and invasive carcinomas.[@bib20],[@bib21] Additional studies have clarified the specific location of ERα expression in the stroma, which is essential for the transformation in transgenic mice.[@bib22],[@bib23]

The present study investigated ERα and PRB expressions in both the epithelium and stromal cells of cervical cancer and analyzed the association of their expressions with the clinicopathologic characteristics, HPV infection status, and disease outcomes.

MATERIALS AND METHODS
=====================

Patients and Methods
--------------------

This study examined 95 patients who received a diagnosis of invasive cervical carcinoma at Buddhist Tzu Chi General Hospital in Hualien, Taiwan, during 2000--2006. Archived paraffin blocks of cervical cancer tissues were retrieved from surgical specimens obtained during radical hysterectomies, cervical conization, or cervical biopsies. These paraffin blocks were resectioned by the director of the pathology department (Y.H.H.) to confirm the presence of cervical cancer and adequate cancer stroma. If cervical cancer or adequate cancer stroma was not observed, the case was excluded. Two senior gynecological pathologists (C.C.S. and M.H.L.) from 2 different hospitals independently confirmed the histology of tumor tissues and the sufficiency of tumor stroma. Clinical characteristics, including patient age, International Federation of Gynecology and Obstetrics (FIGO) stage, cancer differentiation, and HPV infection status, were reviewed. All patients were retrospectively followed up for 5 years or until death. Because squamous cell carcinoma (SCC) and non-SCC may have quite different clinical characteristics, and there were only 13 patients with non-SCC in this study, we performed the correlational analysis base on the SCC patients. The study protocol was approved by the research ethics committee of Buddhist Tzu Chi General Hospital, Hualien, Taiwan (IRB102-129 and IRB103-139-A).

Immunohistochemistry
--------------------

Estrogen receptor α and PRB expressions in formalin-fixed, paraffin-embedded primary cervical cancer tissues were analyzed by performing immunohistochemistry (IHC). The specimens were cut into 5-μm sections and mounted on slides. After deparaffinization in xylene, the slides were rehydrated in a graded alcohol series and placed in running water. The Novolink Polymer Detection System (Novocastra Laboratories, United Kingdom) was used for immunohistochemical detection. Briefly, antigens were retrieved by heating the slides in 10 mM citrate buffer (pH 6.0). Next, the slides were incubated with a peroxidase block to neutralize endogenous peroxidase activity. The slides were then treated with anti-ERα monoclonal antibody (dilution, 1:250; ab108398; Abcam) or anti-PR antibody (PRB-specific YR85; dilution, 1:100; ab32085; Abcam) for 30 minutes. Next, the slides were reacted with a Novolink polymer, followed by incubation with DAB chromogen solution, to induce peroxidase activity for visualization. Each IHC assay was performed in duplicate or triplicate, depending on the amount of tissue available.

IHC Scoring
-----------

Immunohistochemistry evaluation of ERα and PRB expressions was conducted independently by 2 experienced histopathologists (C.C.S. and M.H.L.) from 2 different hospitals. The staining of ERα and PRB in tumor cells and adjacent stroma was performed. Although polymorphonuclear cell infiltration on ER/PR evaluation is uncommon, this interference was considered by evaluating areas with low polymorphonuclear cell infiltration. The results were evaluated and scored using an immunoreactive scoring system.[@bib24] The percentage of positively stained cells was scored as 0 (0%), 1 (1%--10%), 2 (11%--50%), 3 (51%--80%), or 4 (\>80%), and the intensity of staining was scored as 0 (none), 1 (weak), 2 (moderate), or 3 (strong). Multiplying these 2 scores yielded an immunoreactive score (IRS) of 0 to 12. Stratified comparison was performed by defining the following 3 categories (Fig. [1](#F1){ref-type="fig"}): no expression (IRS 0), low expression (IRS 1--5), and high expression (IRS ≥6).

![Representative IHC of ERα and PRB in the tumor stromal of cervical cancer with no (A, D), low (B, E), and high (C, F) expression levels. For both ERα and PRB, left panel: original magnification ×100, right panel (inset): original magnification ×400.](igj-27-1247-g001){#F1}

DNA Extraction
--------------

DNA was extracted from 10-μm sections of the paraffin-embedded tissues. The specimens were deparaffinized with xylene and washed twice with alcohol. Air-dried pellet was digested in 200 μL solution containing proteinase K (1 mg/mL) at 56°C for 16 to 20 hours. The samples were further purified using iStat nucleic acid extraction kit (iStat Biomedical, Taiwan, Republic of China). Finally, 100 μL DNA solution was eluted, and 2.5 μL of the aliquot was used for performing polymerase chain reaction (PCR).

HPV DNA Detection and Genotyping
--------------------------------

The HPV-D Speed Gel Kit (iStat Biomedical) was used for amplifying a 190-bp fragment in the L1 open reading frame of HPV DNA.[@bib25] To ensure PCR quality, primers against the housekeeping gene *Col2A* (producing a 104-bp fragment) were used as an internal control. Polymerase chain reaction was performed as follows: preheating at 94°C for 5 minutes; 42 cycles of denaturation at 94°C for 30 seconds, annealing at 45°C for 1 minute, and extension at 72°C for 30 seconds; and final extension at 72°C for 7 minutes. Polymerase chain reaction products were analyzed by performing capillary gel electrophoresis. The amount of HPV (viral load) was semiqualitatively classified into 5 levels according to the ratio--to--copy number control of HPV standards: ≤500: 1+, 500--10^3^: 2+, 10^3^--10^4^: 3+, 10^4^--10^5^:4+, and \>10^5^: 5+.[@bib26] For genotyping HPV DNA, PCR products were isolated from agarose gels and sequenced using Rhodamine Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems). The DNA sequences obtained were compared with sequences in GenBank by using the BLAST Program from the Web site of the National Center for Biotechnology Information.

Statistical Analyses
--------------------

The values of continuous variables were compared using an independent 2-sample *t* test or 1-way analysis of variance. The Pearson correlation coefficient was used to measure linear correlations between pairs of continuous variables. Categorical variables were compared using χ^2^ or Fisher exact test. The Cochran-Armitage trend test was used to evaluate underlying trends. Univariate Kaplan-Meier analysis and multivariate Cox proportional hazard models corrected for demographic and clinical covariates were used to investigate 5-year mortality risk. *P* \< 0.05 was considered statistically significant. All the statistical analyses were performed using SPSS software (version 17.0; SPSS Inc, Chicago, IL).

RESULTS
=======

Patients and Clinical Characteristics
-------------------------------------

Table [1](#T1){ref-type="table"} presents the clinical characteristics, ERα/PRB expression, and HPV infection status of the 95 patients with the 2 major histological subtypes of cervical cancer. Of them, 82 patients (86.3%) had SCCs, and 13 (13.7%) had non-SCC tumors. Among the 13 patients with non-SCC tumors, 10 had adenocarcinomas, 2 had mixed tumors containing adenocarcinoma and SCC, and 1 patient had mixed tumors containing SCC and small cell carcinoma. Two-thirds of the patients had FIGO stage II tumors or less, and 69% of these patients underwent radical or modified radical hysterectomy. Most patients with advanced tumors underwent concurrent chemoradiotherapy. Other patients underwent radiotherapy and/or chemotherapy. All the patients were followed up for 5 years or until death. At diagnosis, the patients with non-SCC tumors were younger than those with SCCs (52.7 ± 16.3 years vs 61.2 ± 14.4 years) and showed a poorer prognosis; however, this difference was not statistically significant. Human papillomavirus DNA was detected in 95% of the patients with SCCs and 100% of the patients with non-SCC tumors. As expected, the patients with SCC tumors exhibited a higher incidence of HPV type 16 infection than did the patients with non-SCCs. However, viral loads did not differ between the 2 groups.

###### 

Demographics, survival, ERα/PRB expression, and HPV status in different histological types of cervical cancer

![](igj-27-1247-g002)

ERα and PRB Are Majorly Expressed in the Stroma of Cervical Cancer
------------------------------------------------------------------

Estrogen receptor α and PRB were not expressed (71.6% and 78.9%, respectively) or were lowly expressed (23.2% and 21.1%, respectively) in the carcinoma portion of all the cervical specimens, irrespective of the histological subtype (Table [1](#T1){ref-type="table"}). However, both ERα and PRB were majorly expressed in the cancer-associated stroma, with lowly expressed (46.0% and 47.1%, respectively) and highly expressed (43.7% and 34.5%, respectively) (Table [1](#T1){ref-type="table"}).

Stromal PRB Expression Is Inversely Correlated With Patient Age
---------------------------------------------------------------

Estrogen receptor α and PRB expression levels were strongly correlated with each other (*r* = 0.598, *P* \< 0.001; Fig. [2](#F2){ref-type="fig"}A). Stromal PRB expression, but not stromal ERα expression, was inversely correlated with patient age (*r* = −0.409, *P* \< 0.001; Fig. [2](#F2){ref-type="fig"}B and Table [2](#T2){ref-type="table"}).

![A, Relationship of IRS scores of stromal ERα and stromal PRB expressions in the studied SCC. B, Level of stromal PRB expression was inversely correlated with patient's age.](igj-27-1247-g003){#F2}

###### 

Levels of stroma ERα/PRB expression in relation to clinicopathologic parameters and status of HPV in SCC (n = 75)
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Down-regulation of Stromal ERα Expression Is Correlated With Cancer Stage
-------------------------------------------------------------------------

Stromal ERα expression was lower in the patients with advanced cancer (*P* for trend = 0.032; Table [2](#T2){ref-type="table"}). The patients with no or low stromal ERα expression more commonly had stages III and IV disease, whereas those with high stromal ERα expression more commonly had stages I and II disease. However, this down**-**regulation with the advancement of cancer was not significant for stromal PR (*P* for trend = 0.359). Moreover, stromal ERα or PRB expression was not associated with cancer differentiation, HPV infection status, or HPV load or genotype.

Stromal ERα and PRB Expressions Are Associated With Favorable Prognosis of SCC
------------------------------------------------------------------------------

Stromal ERα and PRB expressions were positively correlated with patient survival (Table [2](#T2){ref-type="table"}; Figs. [3](#F3){ref-type="fig"}A and B). Five-year survival rates for no, low, and high stromal ERα expression were 4.3%, 41.3%, and 54.3%, respectively (*P* = 0.018), and those for no, low, and high stromal PRB expression were 10.9%, 39.1%, and 50.0%, respectively (*P* = 0.004). Multivariate analysis showed that stromal ERα and PRB expressions both were independent good prognostic factors of SCC besides FIGO stage (Table [3](#T3){ref-type="table"}). Compared with the patients with no stromal ERα or PRB expression, the patients with low and high stromal ERα expression had adjusted 5-year mortality hazard ratios of 0.19 (95% confidence interval \[CI\], 0.04--0.87) and 0.15 (95% CI, 0.03--0.81), respectively, whereas for low and high expressions of PRB hazard ratios were 0.46 (95% CI, 0.19--1.16) and 0.24 (95% CI, 0.06--0.96), respectively (Table [3](#T3){ref-type="table"}).

![Kaplan-Meier survival analysis of different levels of ERα and PRB expressions in the stroma of SCC. Both ERα (A) and PRB (B) expressions correlated with good prognosis; it was noted that the higher the expression of ERα or PRB, the better the prognosis.](igj-27-1247-g005){#F3}

###### 

Hazard ratios of 5-year mortality according to different prognostic factors in SCC patients (n = 82)
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DISCUSSION
==========

In the epithelium of adult uterine cervix, ER and PR are expressed at the basal and parabasal cells but are rarely expressed in SCC.[@bib1],[@bib3] Zhai et al[@bib27] found that expression of ERα is progressively down**-**regulated in the transformation of cervical epithelium, and loss of ERα expression plays a major role in mediating the invasion and progression of cervical cancer. A recent extensive analysis of the development of neoplasia in cervical epithelium also revealed a progressive depletion of ERα accompanied with extensive, coordinated alterations in expression of estrogen-responsive genes.[@bib28] These findings are, however, inconsistent with the epidemiologic findings that estrogen exposure is risky for cervical carcinogenesis.[@bib29] The present study examined both epithelial and stromal expressions of ERα and PRB and found that these sex hormone receptors were mainly expressed in the stroma. Most importantly, their expressions are significantly associated with favorable survival, indicating that these sex hormones in the cervical stroma may play a role in invasion and/or metastasis of SCC.

Results of the present study are consistent with the crucial role of stroma in the development of the female genital tract. During the early postnatal period, the epithelium of the fused müllerian ducts undergoes region-specific differentiation under the effect of the underlying mesenchyme.[@bib28] Cunha[@bib30] performed heterotypic recombination transplantation of isolated epithelium and stroma from the vagina or uterus of neonatal mice and observed that the stroma exerted a paracrine effect on the differentiation of the supported epithelium; this stroma-induced differentiation was maintained until adulthood. Later studies have also established the importance of stromal signals for regulating epithelial proliferation in the adult mouse vagina.[@bib31] The regulation of epithelial proliferation by estrogen and progesterone involves paracrine mechanisms, which require appropriate receptors in the stroma but not in the epithelium.[@bib32] Thus, the development of cervical carcinoma may involve the same paracrine control by sex hormones, as well as sex hormone receptors located in the stroma.

Notably, our results showed that besides FIGO stage ERα and PRB expressions were independent prognostic factors for SCC. Higher stromal ERα and PRB expressions were associated with superior 5-year survival. Hence, stromal ERα and PRB expressions may be used to predict clinical outcome and stratify diseases for investigating hormone therapy in cervical cancer, similar to breast and endometrial cancers. However, the mechanisms of stromal ERα and/or PRB in invasion or metastasis of SCC are poorly understood.

To the best of our knowledge, this is the first study specifically looking at PRB in cervical cancer. Previous studies on PR expression in cervical cancer have used antibodies nonspecific to the PR isoforms[@bib8],[@bib18],[@bib19] or the PRA-specific antibodies[@bib3],[@bib17] and mostly focused on PR expression in neoplastic epithelium.[@bib15],[@bib16] Using nonspecific antibodies in detecting PR could not tell which isoforms were related to survival and may overestimate the actual expression of any of the PR isoforms with unknown proportion and thus could not yield results obtained in the present study. Tables S1 and S2 summarize the isoform specificity of commonly used antibodies for detecting ERs and PRs and previous studies of ER/PR expression and prognosis of cervical cancer. These supplementary tables explain the unique findings of this study.

Epidemiologic studies looking for associations between progesterone use and risk of cervical neoplasia have been inconclusive,[@bib33]--[@bib35] mainly because of the uncontrolled variables that change the hormone status or function. These include the menstrual cycle, use of oral contraceptives, and exposure to endocrine disruptors.[@bib35] The results of the present study suggest that stromal PR may exert a tumor-suppressive or tumor-static effect on cervical cancer. The mechanism underlying stromal PRB-mediated suppression of SCC is poorly understood. Recently, Yoo et al[@bib36] used an HPV E6/E7-overexpressing mouse model of cervical cancer to show that progesterone inhibited estradiol-induced physiological hyperplasia in the cervical epithelium in a PR-dependent manner. Also, the use of progesterone promoted the regression of cervical and vaginal neoplasias. They further conducted the transgenic ablation of *PR* in these transgenic mice and observed that progesterone inhibited cervical or vaginal epithelial cell proliferation in a ligand-dependent manner.[@bib35],[@bib36] However, the PR they observed, unlike the status in humans, was in the neoplastic epithelium. More human studies are needed to elucidate the role and mechanism of stromal PR in the development of cervical cancer.

In summary, this study demonstrated that ERα and PRB were predominantly expressed in the stroma but not the carcinoma tissue of cervical cancer, and both were independent prognostic factors for SCC irrespective of patient age, cancer stage, and HPV infection status.
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